
 

Model Extension and Reinterpretation to Simulate 

Liskov Compatibility 

Cesar Gonzalez-Perez1[0000-0002-3976-7589], Patricia Martín-Rodilla2[0000-0002-1540-883X] 

1 Incipit CSIC, Spain 
2 UDC, Spain 

cesar.gonzalez-perez@incipit.csic.es, 

patricia.martin.rodilla@udc.es 

Abstract. Extensive literature exists on how software models are created, 

maintained and validated, but little attention has been paid to what happens to 

models during their practical use. Often, a model is created by someone and 

then used by someone else, so that model extension may be necessary to adjust 

the model to particular usage needs and context. Model extension usually in-

volves making changes to the base model, but these changes are likely to pro-

duce a resulting model that is no longer Liskov-compatible with the base one. 

To avoid this, many extension approaches restrict what changes are possible 

once the model has been finished, limiting the expressive power and reach of 

potential extensions. In this paper we present a new approach to model exten-

sion, based on the ConML modelling language, which puts very few limitations 

on how a model may be changed. A set of reinterpretation rules are used so that 

a human or tool can easily recast an instance model conforming to the extended 

model as conforming to the base one. By using this approach, expressiveness 

and reach of model extension is higher, while preserving Liskov compatibility 

with the base model and facilitating model reuse and application. 

Keywords: Conceptual Modelling. Model Extension. Liskov Compatibility. 

Model Reinterpretation. ConML. 

1 Introduction and Related Work 

Models are frequently changed, either during their active development or as an after-

thought. The literature describes three major ways in which a model may be changed: 

refactoring, refinement, and evolution. Model refactoring, like code refactoring, is 

about changing the internal workings of a model while preserving its external proper-

ties [11]. Refinement, in turn, is about implementing a model as a more concrete or 

specific artefact (sometimes another model, sometimes code) while preserving its 

domain semantics but not its level of abstraction [11]. Refinement constitutes the 

basic mechanism by which more abstract models are transformed into more concrete 

ones within MDE-style frameworks [13]. Finally, model evolution [2] is about chang-

ing a model to address new features or correct defects while maintaining the level of 

abstraction. Evolution usually happens in the long run, when models are maintained 

over time, especially while they are being used to e.g. support a running system. 
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In this context, model extension constitutes a fourth kind of modification that in-

volves changing a model after it has been constructed to address specific usage or 

contextual needs. Like refactoring or evolution, extension preserves the level of ab-

straction of the model (which usually means using the same modelling language), but 

it does not necessarily preserve domain semantics. This is similar to the concept of 

model evolution in [3]. For example, imagine an organisation adopting a standardised 

model for their operation, such as ISO/IEC 24744. This model is composed of some 

classes, attributes and associations, but the organisation may decide to customise it by 

adding a few extra classes that they find necessary or removing some unneeded at-

tributes. Model compatibility is crucial when modifying models like this [14]. “Com-

patible” in this context refers to Liskov compatibility, which we define as follows [4]: 

A type model P is Liskov-compatible with another type model B iff any existing or 

potential instance model K that conforms to P also conforms to B. 

By type model we mean a model that represents categories of entities in the world, 

usually through type-level elements such as classes, attributes and associations. By 

instance model we mean a model that represents individual entities in the world, usu-

ally through instance-level elements such as objects, values and links. In practice, 

instance models often take the form of databases or datasets where records correspond 

to instance-level model elements. By conformance we mean the relationship between 

an instance model and its generating type model, so that every element in the instance 

model is an instance of an element in the type model. Under these definitions, Liskov 

compatibility between models is analogous to (and named after) the Liskov substitu-

tion principle [15]. Informally, a type model is Liskov-compatible with another if we 

can substitute the former with the latter as far as conformance is concerned. 

Table 1 shows the major commonalities and differences between the four kinds of 

model modification. 

Table 1. Commonalities and differences between kinds of model modification. 

 Semantics-preserving Abstraction-preserving Liskov compatibility 

Refactoring yes yes yes 

Refinement yes no no 

Evolution no yes no 

Extension no yes yes 
 

Model extension does not necessarily preserve domain semantics (as elements may 

be added, removed or altered); it preserves the abstraction level (the same modelling 

language as in the base model is often used); and it guarantees Liskov compatibility. 

This means that the extended model is always Liskov-compatible with the base mod-

el. If this were not the case, the extended model could not be considered an extended 

model, but a totally different model altogether as compared to the base model. 

There are two manners in which a type model may be changed so that abstraction 

level and Liskov compatibility are preserved while domain semantics are altered. The 

most common approach is to restrict what kinds of changes are permitted during ex-

tension; see e.g. [1], [12]. For example, by restricting allowed extension operations to 

the specialization of existing classes, we guarantee (by definition of type specializa-
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tion) that the extended model will be Liskov-compatible with the base model. This is, 

for example, the approach adopted by the ISO/IEC 24744 [10] standard metamodel, 

which handles extension through the addition of new classes that specialise from oth-

ers in the base model, thus guaranteeing Liskov compatibility. However, approaches 

like these are limiting, as they preclude model users from adapting the model to situa-

tions that may need deeper changes. For example, it is impossible to rename a class in 

an extension of ISO/IEC 24744, or remove an attribute that is not going to be used. 

In this paper we present a different approach by which Liskov compatibility is 

“simulated”. This is to say, instance model K in our definition above is not expected 

to conform to type model B, but we provide the necessary infrastructure so that an-

other instance model K’ can be automatically and unambiguously generated from K 

so that K’ does conform to B. We will argue that this simulation approach works bet-

ter than approaches that attempt to obtain “real” Liskov compatibility by imposing 

that K must conform to B. 

2 Theoretical Framework 

We propose an approach where the only limitations that must be observed during 

extension are those that guarantee model well-formedness, and which are also in ef-

fect during model construction. We assume that changes to a model are produced in 

terms of its constituent elements, such as classes, attributes or associations, which can 

be added, changed or deleted. For example, a base model may be modified by adding 

a few classes, removing some other ones, altering a few attributes, etc. When we look 

at an extended model, the elements that have been preserved from the base model 

(either altered or intact) are called reused elements, whereas those that have been 

introduced during the extension process are called extended elements. 

This means that a model may be changed until it barely resembles its base. For ex-

ample, all classes except for one may be removed from a base model, and then many 

other new classes added to it. In situations like this, it can be argued that the resulting 

model should not be seen as a genuine extension of the base, and that instance models 

conforming to the altered one would be irreconcilable with the base. How much an 

extended model should resemble the base model for it to be considered a genuine 

extension rather than a wholly different model is a matter of context and degree, as 

every individual element that is added, altered or removed incrementally deviates the 

extended model from its base. For these reasons, we will not attempt to provide a 

clear-cut answer to this. For those cases when the extended model must be considered 

a true extension, however, and as we introduced in the previous section, we will em-

ploy a process by which instance models of the extended type model can be safely 

and automatically reinterpreted to conform to the base one while preserving as much 

information as possible. 

Thus, our approach is based on the concept of reinterpretation. In this context, 

model extension is the process by which a type model T is modified to become T’, 

whereas reinterpretation is the process by which an instance model I' conforming to T' 

can be safely reinterpreted as I conforming to T. This is depicted in Fig. 1. 
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Fig. 1. Extension and reinterpretation as “inverse” processes. 

In this regard, reinterpretation is the “inverse” process to extension. We quote “in-

verse” because these two processes are not truly inverse in the mathematically sense, 

as they occur between different pairs of entities: extension occurs between type mod-

els, whereas reinterpretation occurs between instance models. Still, the analogy works 

as it shows the fact that reinterpretation allows us to unambiguously obtain an in-

stance model I that conforms to T from a source model I’ that conforms to T’, thus 

“reversing” extension. Of course, I’ does not necessarily conform to T, which would 

be required by strict Liskov compatibility. However, we can generate I from T, T’ and 

I’ through the systematic application of a set of rules in an automatic and unambigu-

ous way. These rules can be incorporated into software tools so that the generation of 

I happens transparently and on the fly, thus “simulating” Liskov compatibility. 

Reinterpreting an instance model (I’ in the figure) entails iterating over its elements 

and reinterpreting each one in turn. To reinterpret a model element e’ from I’ means 

to create another element e in I of the same kind and as similar to e’ as possible, mak-

ing some changes in the process to accommodate the differences between T and T’. 

Reinterpretation rules dictate what changes are made. 

From a pragmatic point of view, our approach provides complete freedom regard-

ing what changes can be carried out during model extension, at the expense of using a 

behind-the-scenes process of reinterpretation. 

2.1 Extension Scenarios 

Let us imagine that a number of organisations adopt a common type model (let’s call 

it T) that describes some area of interest to all of them, and start using it. This may be 

an industry standard or some other agreed-upon reference model. By “using it” here 

we mean that each organisation creates and maintains instance models (let’s call them 

In) that conform to T. In practice, instance models are rarely seen as actual models, 

and more often as datasets or bodies of data stored in a database. Still, these datasets 

can be conceptualised as instance models, as they conform to a type model, T in our 

example. 

At some point, organisations decide to change T in various ways to incorporate 

new areas of activity that are particular to each one, fix issues, or improve its cover-

age. This is common practice when using industry standards. In this manner, each 

organisation extends T in a different direction to cater for their needs. The changed 

models (let’s call them Tn’) are all derived from T, but contain significant differences. 

It is very likely that any given Tn’ is not Liskov-compatible with the base T. However, 

organisations migrate their I datasets to the extended Tn’, thus obtaining In’ datasets. 

We must emphasise that each particular In’ in this scenario would conform to a par-

T T Extension

I I 

ConformanceConformance

Reinterpretation
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ticular Tn’, and that the In’ of an organisation would not necessarily conform to the Tn’ 

of another organisation. 

Still, the organisations need to compare and integrate their datasets for some spe-

cific purposes, and they expect to do so as they all have adopted a shared standard 

model T at the beginning. In addition, the organisations may be liable to provide some 

data in a standard form (i.e. T) to regulatory authorities or the like. So, they employ 

reinterpretation. By automatically reinterpreting each In’ as conformant to T, they are 

able to obtain a set of In datasets that share a common type model. In practice, this 

means that they are capable of integrating and comparing their heterogeneous datasets 

while maintaining the liberty to extend the initial shared model in different directions. 

2.2 Language Support 

Model extension requires a language that can maintain the link between a base model 

and model extended from it. Otherwise, an extended model would be disconnected 

from its base, which would make reinterpretation impossible or very difficult. In addi-

tion, the modelling language must provide unknown vs. null semantics [8], [16], that 

is, the capability to differentiate between values that do not exist (null) and values that 

exist but are unknown. As we will see in Section 3, this is crucial to the reinterpreta-

tion of instances of required attributes and associations. 

We have chosen the ConML modelling language [4], [9] for five reasons. Firstly, it 

provides the required features described above; ConML supports the notion of ex-

tended models, so that a type model can be sealed and embedded into another model 

in order to reuse elements in it. Secondly, it is oriented towards conceptual modelling 

rather than software implementation, so it describes the world in more abstract terms, 

which are simpler and easier to understand when describing the reinterpretation pro-

cess. This is especially important when highly abstract rules for model processing are 

being developed and evaluated. Thirdly, ConML is simple enough as to be used by 

domain specialists with no expertise in software or systems modelling, as shown by 

[5], [7]. Fourthly, ConML provides subjective and temporal semantics, which provide 

additional expressivity not offered by other languages such as UML [17]. Lastly, 

ConML is very simple and easy to learn and use, which makes reinterpretation also a 

simpler process to describe as compared to what it would be, for example, on larger 

and more complex modelling languages. In any case, the proposed approach can be 

easily adapted to UML (and similar languages) as we discuss in section 5. 

ConML is based on the usual premise that the world can be represented through 

types and instances, and its metamodel contains elements for both. At the type level, 

ConML uses classes, attributes and associations, whereas at the instance level it em-

ploys objects (instances of classes), value sets (instances of attributes) and links (in-

stances of associations). Each association in ConML is composed of two inverse 

semi-associations, which are directional “pointers” from one class to another (or it-

self). At the instance level, links mimic this structure by being composed of two in-

verse references. Value sets and reference sets, collectively, are called facet sets, 

whereas attributes and semi-associations, collectively, are called features. 
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In addition, ConML supports user-defined enumerated types, each composed of a 

collection of enumerated items that can be hierarchically organised in parent/child 

structures. ConML supports multiple generalisation (sometimes referred to as “multi-

ple inheritance”) between classes, so that a class may have multiple generalized clas-

ses. It also supports simple generalisation between enumerated types, so that any 

enumerated type may inherit its items from a base one, and add its own. Fig. 2 shows 

a sample ConML type model. 
 

 

Fig. 2. Sample ConML type model, showing four classes, a generalization/specialization rela-

tionship, an association, and a few attributes, most of them self-explanatory. 

ConML also supports “soft” aspects such as subjectivity, temporality and multilin-

gualism. This means that a feature (such as an attribute or a semi-association) may be 

marked as subjective and/or temporal. Doing this means that, at the instance level, 

each corresponding value or reference is qualified by a predication qualifier that spec-

ifies its subjective or temporal validity. In Fig. 2, for example, the ConservationStatus 

attribute has been marked as subjective. This means that values for this attribute in 

instances of House or Barn will be qualified by a predication qualifier indicating who 

says what, such as h.ConservationStatus$a = Good or h.ConservationStatus$b = 

Average. This can be read as “the conservation status of house h is good according to 

a, but average according to b”. Similarly, a feature marked as temporal, such as Num-

berOfOccupants, would have instances that are qualified by a time indication. Finally, 

text attributes marked as multilingual would have instances that are qualified by in-

stances of a Language class supplied by ConML, thus allowing the expression of text 

values in multiple natural languages. A complete description of the ConML modelling 

language is out of scope for this paper; for additional details, please see [9] or [4]. 

3 Conformance Reinterpretation 

In this section, we describe how the reinterpretation process is set up, and then the 

rules that must be applied to complete it. 

3.1 Conformance Reinterpretation Setup 

During reinterpretation, an instance model I’ is examined in order to construct another 

instance model I. To achieve this, the following information is needed: 

Building (A)

Height: 1 Number

Materials: 1..* enum Material

ConservationStatus: 1 enum Status (S)

House

NumberOfOccupants: 1 Number (T)

Barn

Capacity: 1 Number

Location

Name: 1 Text

Country: 1 Text

IsLocatedIn 10..*
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• The type model T’ to which I’ conforms. 

• The type model T, from which T’ has been extended, and to which I will conform. 

• Some extension context data, including a default subjectivity qualifier, a default 

temporal qualifier, and a default language qualifier. 

T and T’ are usually available. The extension context data, however, must be explicit-

ly supplied by the modeller during the extension process. Specifically, if either T or 

T’ involve subjective features (like e.g. the ConservationStatus attribute in Fig. 2), 

then a default subjective qualifier must be specified in order to resolve some situa-

tions involving changes in subjectivity marking, as we will describe in the next sub-

section. Similarly, if either T or T’ involve temporal or multilingual features, then a 

default temporal or language qualifier must be specified. 

3.2 Conformance Reinterpretation Rules 

The rules below must be applied to the relevant model elements in I’. These rules are 

not functions that may be chained or composed with one another, but declarative 

statements on how reinterpreted model elements must be created in I for each model 

element in I’. The rule set is complete as they cover the whole spectrum of possibili-

ties; for example, rules O.1, O.2 and O.3 partition the totality of cases regarding in-

stantiation changes. Some rules contain a heuristic element and cannot be determinis-

tic, namely those managing cardinalities. Each rule is first described in natural lan-

guage, in terms of the conditions that trigger its application, and the effects it has on 

the reinterpreted model. Then, each rule is described in first-order logic, using the 

conventions in Table 2. Please see the ConML Technical Specification [9] for addi-

tional details. 

Table 2. Conventions for the expression of reinterpretation rules. 

Notation Semantics 

𝑎 ≈ 𝑏 Model element a is a reinterpretation of model element b. 

𝑎𝑏𝑠(𝑐) Whether class c is abstract. 

𝑎𝑛𝑐(𝑎, 𝑏) Whether type a is an ancestor (via generalisation) of type b. 

𝑎𝑡𝑡(𝑐) The attributes of class c. 

𝑏𝑎𝑠𝑒(𝑒) The base model element corresponding to the reused element e. 

𝑐𝑙(𝑀) The classes in type model M. 

𝑐𝑜𝑒𝑟𝑐𝑒(𝑐, 𝑑) The contents c coerced into data type d. 

𝑐𝑜𝑛(𝑥) The contents of value set or value x. 

𝑑𝑒𝑓𝑎𝑢𝑙𝑡(𝑥) Whether the facet set or object x contains only default contents or objects, as per 

the extension context data. 

𝑑𝑒𝑠𝑐(𝑎, 𝑏) Whether type a is a descendant (through specialisation) of type b. 

𝑑𝑞𝑢𝑎𝑙 The default aspect (subjectivity, temporality, language) qualifier as per the exten-

sion context data. 

𝑑𝑡(𝑎) The data type of attribute a. 

𝑒𝑖(𝑀) The enumerated items in type model M. 
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Notation Semantics 

𝑒𝑡(𝑒𝑖) The owner enumerated type of enumerated item ei. 

𝑒𝑥𝑡(𝑒) Whether model element e is extended (as opposed to reused). 

𝑙𝑘(𝑀) The links in instance model M. 

𝑚𝑎𝑛𝑐(𝑎, 𝑏) Whether type a is the most immediate ancestor of type b. 

𝑚𝑎𝑟𝑘(𝑣𝑠) The aspect mark (subjective, temporal or multilingual) for value set vs. 

𝑚𝑎𝑟𝑘(𝑣𝑠, 𝐾) The aspect mark (S subjective, T temporal, L multilingual) for value set vs. 

𝑚𝑎𝑥𝑐(𝑓) The maximum cardinality of feature f. 

𝑚𝑑𝑖𝑠𝑡(𝑎, 𝑏) Whether the distance (difference) between a and b is minimal. 

𝑚𝑖𝑛𝑐(𝑓) The minimum cardinality of feature f. 

𝑚𝑘𝑑(𝑓) Whether feature f is marked as subjective, temporal or multilingual. 

𝑜𝑏(𝑀) The objects in instance model M. 

𝑜𝑝𝑝(𝑠𝑎) The opposite class of semi-association sa. 

𝑜𝑤(𝑒) The owner model element of element e. 

𝑝𝑒𝑖(𝑒𝑖) The parent enumerated item of enumerated item ei. 

𝑝𝑟𝑖𝑚(𝑎) The primary semi-association of association a. 

𝑟𝑒(𝑒) The reused model element corresponding to the base element e. 

𝑟𝑓𝑠𝑡(𝑀) The reference sets in instance model M. 

𝑟𝑓𝑠𝑡(𝑜, 𝑠𝑎) The reference sets of object o for semi-association sa. 

𝑠𝑎𝑛(𝑐) The semi-associations of class c. 

𝑠𝑒𝑐(𝑎) The secondary semi-association of association a. 

𝑡𝑦𝑝𝑒(𝑖) The type of instance i. 

𝑢𝑛𝑘𝑛𝑜𝑤𝑛(𝑥) Whether facet set or facet x contains only unknown values or references. 

𝑣𝑎(𝑀) The values in instance model M. 

𝑣𝑎𝑠𝑡(𝑀) The value sets in instance model M. 

𝑣𝑎𝑠𝑡(𝑜, 𝑎) The value sets of object o for attribute a. 

𝑤𝑖𝑑𝑒𝑟(𝑎, 𝑏) The wider cardinality, either a or b. 

Rule O.1 

For each object in I’ having as type an extended class (let’s call it c’) that is a descendant of a 

reused class in T’, reinterpret it as an object in I having as type the most immediate ancestor of 

c’ that exists in T. 

∀𝑜′ ∈ 𝑜𝑏(𝐼′), 𝑒𝑥𝑡(𝑡𝑦𝑝𝑒(𝑜′)), ∃𝑠′ ∈ 𝑐𝑙(𝑇′), ¬𝑒𝑥𝑡(𝑠′) ∧ 𝑑𝑒𝑠𝑐(𝑡𝑦𝑝𝑒(𝑜′), 𝑠′) ⟹ 

∃𝑜 ∈ 𝑜𝑏(𝐼), 𝑜 ≈ 𝑜′ ∧ ∃𝑠 ∈ 𝑐𝑙(𝑇), 𝑚𝑎𝑛𝑐(𝑠, 𝑡𝑦𝑝𝑒(𝑜′)), 𝑡𝑦𝑝𝑒(𝑜) = 𝑠 

Rule O.2 

For each object in I’ having as type an extended class (let’s call it c’) that is not a descendant 

of a reused class in T’ (that is, c’ is a root class or is a descendant from another extended 

class), reinterpret it as non-existing in I. 

∀𝑜′ ∈ 𝑜𝑏(𝐼′), 𝑒𝑥𝑡(𝑡𝑦𝑝𝑒(𝑜′)), ∄𝑠′ ∈ 𝑐𝑙(𝑇′), ¬𝑒𝑥𝑡(𝑠′) ∧ 𝑑𝑒𝑠𝑐(𝑡𝑦𝑝𝑒(𝑜′), 𝑠′) ⟹ 

∄𝑜 ∈ 𝑜𝑏(𝐼), 𝑜 ≈ 𝑜′ 

Rule O.3 

For each object in I’ having as type a reused class that is abstract in T but not abstract in T’, 

reinterpret it as non-existing in I. 

∀𝑜′ ∈ 𝑜𝑏(𝐼′), ¬𝑒𝑥𝑡(𝑡𝑦𝑝𝑒(𝑜′)), ¬𝑎𝑏𝑠(𝑡𝑦𝑝𝑒(𝑜′)) ∧ 𝑎𝑏𝑠 (𝑏𝑎𝑠𝑒(𝑡𝑦𝑝𝑒(𝑜′))) ⟹ 
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∄𝑜 ∈ 𝑜𝑏(𝐼), 𝑜 ≈ 𝑜′ 

Rule O.4 

For each object in I’ having as type a reused class in T’ from which an attribute has been de-

leted, reinterpret it as an object in I containing no value for said attribute if minimum cardinal-

ity allows it, or as many unknown values as required otherwise. 

∀𝑜′ ∈ 𝑜𝑏(𝐼′), ¬𝑒𝑥𝑡(𝑡𝑦𝑝𝑒(𝑜′)), ∃𝑎 ∈ 𝑎𝑡𝑡 (𝑏𝑎𝑠𝑒(𝑡𝑦𝑝𝑒(𝑜′))) , ∄𝑟𝑒(𝑎) ⟹ 

∃𝑜 ∈ 𝑜𝑏(𝐼), 𝑜 ≈ 𝑜′ ∧ {
𝑚𝑖𝑛𝑐(𝑎) = 0 → ∄𝑣𝑠 ∈ 𝑣𝑎𝑠𝑡(𝑜, 𝑎)

𝑚𝑖𝑛𝑐(𝑎) > 0 → ∀𝑣𝑠 ∈ 𝑣𝑎𝑠𝑡(𝑜, 𝑎), 𝑢𝑛𝑘𝑛𝑜𝑤𝑛(𝑣𝑠)
 

Rule O.5 

For each object in I’ having as type a reused class in T’ from which a semi-association has 

been deleted, reinterpret it as an object in I containing no reference for said semi-association if 

minimum cardinality allows it, or as many unknown references as required otherwise. 

∀𝑜′ ∈ 𝑜𝑏(𝐼′), ¬𝑒𝑥𝑡(𝑡𝑦𝑝𝑒(𝑜′)), ∃𝑠𝑎 ∈ 𝑠𝑎𝑛 (𝑏𝑎𝑠𝑒(𝑡𝑦𝑝𝑒(𝑜′))) , ∄𝑟𝑒(𝑠𝑎) ⟹ 

∃𝑜 ∈ 𝑜𝑏(𝐼), 𝑜 ≈ 𝑜′ ∧ {
𝑚𝑖𝑛𝑐(𝑠𝑎) = 0 → ∄𝑟𝑠 ∈ 𝑟𝑓𝑠𝑡(𝑜, 𝑠𝑎)

𝑚𝑖𝑛𝑐(𝑠𝑎) > 0 → ∀𝑟𝑠 ∈ 𝑟𝑓𝑠𝑡(𝑜, 𝑠𝑎), 𝑢𝑛𝑘𝑛𝑜𝑤𝑛(𝑟𝑠)
 

Rule V.1 

For each value in I’ that refers to an extended non-root enumerated item in a reused enumerat-

ed type in T’, reinterpret it as a value in I referring to the most immediate ancestor of said 

enumerated item that exists in T. 

∀𝑣′ ∈ 𝑣𝑎(𝐼′), ∃𝑒𝑖′ ∈ 𝑒𝑖(𝑇′), 𝑒𝑥𝑡(𝑒𝑖′) ∧ ∃𝑝𝑒𝑖(𝑒𝑖′) ∧ ¬𝑒𝑥𝑡(𝑒𝑡(𝑒𝑖′)) ∧ 𝑐𝑜𝑛(𝑣′) = 𝑒𝑖′ ⟹ 

∃𝑣 ∈ 𝑣𝑎(𝐼), 𝑣 ≈ 𝑣′ ∧ ∃𝑒𝑖 ∈ 𝑒𝑖(𝑇), 𝑚𝑎𝑛𝑐(𝑒𝑖, 𝑒𝑖′) ∧ 𝑐𝑜𝑛(𝑣) = 𝑒𝑖 

Rule V.2 

For each value in I’ that refers to an extended root enumerated item in a reused enumerated 

type in T’, reinterpret it as an unknown value in I. 

∀𝑣′ ∈ 𝑣𝑎(𝐼′), ∃𝑒𝑖′ ∈ 𝑒𝑖(𝑇′), 𝑒𝑥𝑡(𝑒𝑖′) ∧ ∄𝑝𝑒𝑖(𝑒𝑖′) ∧ ¬𝑒𝑥𝑡(𝑒𝑡(𝑒𝑖′)) ∧ 𝑐𝑜𝑛(𝑣′) = 𝑒𝑖′ ⟹ 

∃𝑣 ∈ 𝑣𝑎(𝐼), 𝑣 ≈ 𝑣′ ∧ 𝑢𝑛𝑘𝑛𝑜𝑤𝑛(𝑣) 

Rule V.3 

For each value set in I’ having as type an extended attribute that belongs to a reused class in 

T’, reinterpret it as non-existing in I. 

∀𝑣𝑠′ ∈ 𝑣𝑎𝑠𝑡(𝐼′), 𝑒𝑥𝑡(𝑡𝑦𝑝𝑒(𝑣𝑠′)), ∃𝑐′ ∈ 𝑐𝑙𝑎(𝑇′), 𝑡𝑦𝑝𝑒(𝑣𝑠′) ∈ 𝑎𝑡𝑡(𝑐′) ∧ ¬𝑒𝑥𝑡(𝑐′) ⟹ 

∄𝑣𝑠 ∈ 𝑣𝑎𝑠𝑡(𝐼), 𝑣𝑠 ≈ 𝑣𝑠′ 

Rule V.4 

For each value set in I’ having as type a reused attribute with more permissive (i.e. wider) 

cardinality in T’ as comparted to T, reinterpret it as a value set in I that contains as many 

values from I’ as possible while satisfying the new cardinality. 

To achieve this, follow these guidelines: If values need to be added in I to satisfy a minimum 

cardinality, add unknown values. If values need to be removed to satisfy a maximum cardinali-

ty, then (a) if the attribute’s type is Boolean, Number, Text or Data, then remove values from 

the tail of the set; (b) if the attribute’s type is Time, aggregate multiple values into one using 

timespan semantics; (c) if the attribute’s type is an enumerated type, aggregate multiple values 

into one using common item ancestors; if this is insufficient, then remove values from the tail. 

∀𝑣𝑠′ ∈ 𝑣𝑎𝑠𝑡(𝐼′), ¬𝑒𝑥(𝑡𝑦𝑝𝑒(𝑣𝑠′)), 𝑤𝑖𝑑𝑒𝑟 (𝑐𝑎𝑟𝑑(𝑡𝑦𝑝𝑒(𝑣𝑠′)), 𝑐𝑎𝑟𝑑 (𝑏𝑎𝑠𝑒(𝑡𝑦𝑝𝑒(𝑣𝑠′)))) ⟹ 

∃𝑣𝑠 ∈ 𝑣𝑎𝑠𝑡(𝐼), 𝑣𝑠 ≈ 𝑣𝑠′ 
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Rule V.5 

For each value set in I’ having as type a reused attribute that is marked as subjective, temporal 

or multilingual in T, but is not marked as subjective, temporal or multilingual in T’, reinterpret 

it as a value set in I having the default aspect qualifier. 

∀𝑣𝑠′ ∈ 𝑣𝑎𝑠𝑡(𝐼′), ¬𝑒𝑥𝑡(𝑡𝑦𝑝𝑒(𝑣𝑠′)), ¬𝑚𝑘𝑑(𝑡𝑦𝑝𝑒(𝑣𝑠′)) ∧ 𝑚𝑘𝑑 (𝑏𝑎𝑠𝑒(𝑡𝑦𝑝𝑒(𝑣𝑠′))) ⟹ 

∃𝑣𝑠 ∈ 𝑣𝑎𝑠𝑡(𝐼), 𝑣𝑠 ≈ 𝑣𝑠′ ∧ 𝑑𝑒𝑓𝑎𝑢𝑙𝑡(𝑚𝑎𝑟𝑘(𝑣𝑠)) 

Rule V.6 

For each value set in I’ having as type a reused attribute that is not marked as subjective, tem-

poral or multilingual in T, but is marked as subjective, temporal or multilingual in T’, reinter-

pret it as a value set in I corresponding to the value set in I’ with the qualifier that is equal or 

closest to the default. 

∀𝑣𝑠′ ∈ 𝑣𝑎𝑠𝑡(𝐼′), ¬𝑒𝑥𝑡(𝑡𝑦𝑝𝑒(𝑣𝑠′)), 𝑚𝑘𝑑(𝑡𝑦𝑝𝑒(𝑣𝑠′)) ∧ ¬𝑚𝑘𝑑 (𝑏𝑎𝑠𝑒(𝑡𝑦𝑝𝑒(𝑣𝑠′))) ⟹ 

∃𝑣𝑠 ∈ 𝑣𝑎𝑠𝑡(𝐼), 𝑣𝑠 ≈ 𝑣𝑠′ ∧ 𝑚𝑑𝑖𝑠𝑡(𝑚𝑎𝑟𝑘(𝑣𝑠), 𝑑𝑞𝑢𝑎𝑙) 

Rule V.7 

For each value set in I’ having as type a reused attribute whose data type in T is different to 

that in T’, reinterpret it as a value set in I with type-coerced contents. 

∀𝑣𝑠′ ∈ 𝑣𝑎𝑠𝑡(𝐼′), ¬𝑒𝑥𝑡(𝑡𝑦𝑝𝑒(𝑣𝑠′)) ∧ 𝑑𝑡(𝑡𝑦𝑝𝑒(𝑣𝑠′)) ≠ 𝑑𝑡 (𝑏𝑎𝑠𝑒(𝑡𝑦𝑝𝑒(𝑣𝑠′))) ⟹ 

∃𝑣𝑠 ∈ 𝑣𝑎𝑠𝑡(𝐼), 𝑣𝑠 ≈ 𝑣𝑠′ ∧ 𝑐𝑜𝑛(𝑣𝑠) = 𝑐𝑜𝑒𝑟𝑐𝑒 (𝑐𝑜𝑛(𝑣𝑠′), 𝑑𝑡 (𝑏𝑎𝑠𝑒(𝑡𝑦𝑝𝑒(𝑣𝑠′)))) 

Rule V.8 

For each value set in I’ having an extended language qualifier in T’, reinterpret it as non-

existing in I. 

∀𝑣𝑠′ ∈ 𝑣𝑎𝑠𝑡(𝐼′), 𝑒𝑥𝑡(𝑙𝑎𝑛𝑔(𝑣𝑠′)) ⟹ ∄𝑣𝑠 ∈ 𝑣𝑎𝑠𝑡(𝐼), 𝑣𝑠 ≈ 𝑣𝑠′ 

Rule V.9 

For each value set in I’ lacking a language qualifier in T’ that exists in T, reinterpret it as a 

value set containing an unknown value for the missing language qualifier in I. 

∀𝑣𝑠′ ∈ 𝑣𝑎𝑠𝑡(𝐼′), 𝑚𝑎𝑟𝑘𝑒𝑑(𝑣𝑠′, 𝐿) ∧ ∃𝑙 ∈ 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒𝑠(𝑇), 𝑙 ∉ 𝑙𝑎𝑛𝑔𝑢𝑎𝑔𝑒𝑠(𝑇′) ⟹ 

∃𝑣𝑠 ∈ 𝑣𝑎𝑠𝑡(𝐼), 𝑣𝑠 ≈ 𝑣𝑠′ ∧ 𝑢𝑛𝑘𝑛𝑜𝑤𝑛(𝑣𝑠, 𝑙) 

Rule R.1 

For each link in I’ having as type an extended association that connects reused classes in T’, 

reinterpret it as non-existing in I. 

∀𝑙′ ∈ 𝑙𝑘(𝐼′), 𝑒𝑥𝑡(𝑡𝑦𝑝𝑒(𝑙′)), 𝑟𝑒 (𝑜𝑤 (𝑝𝑟𝑖𝑚(𝑡𝑦𝑝𝑒(𝑙′)))) ∧ 𝑟𝑒 (𝑜𝑤 (𝑠𝑒𝑐(𝑡𝑦𝑝𝑒(𝑙′)))) ⟹ 

∄𝑙 ∈ 𝑙𝑘(𝐼), 𝑙 ≈ 𝑙′ 

Rule R.2 

For each reference set in I’ having as type a reused semi-association with more permissive (i.e. 

wider) cardinality in T’ as comparted to T’, reinterpret it as a reference set in I that contains as 

many references from I’ as possible while satisfying the new cardinality. 

To achieve this, follow these guidelines: If references need to be added in I to satisfy a mini-

mum cardinality, add unknown references. If references need to be removed in I to satisfy a 

maximum cardinality, remove references from the tail of the set. 

∀𝑟𝑠′ ∈ 𝑟𝑓𝑠𝑡(𝐼′), ¬𝑒𝑥𝑡(𝑡𝑦𝑝𝑒(𝑟𝑠′)), 𝑤𝑖𝑑𝑒𝑟 (𝑐𝑎𝑟𝑑(𝑡𝑦𝑝𝑒(𝑟𝑠′)), 𝑐𝑎𝑟𝑑 (𝑏𝑎𝑠𝑒(𝑡𝑦𝑝𝑒(𝑟𝑠′)))) ⟹ 

∃𝑟𝑠 ∈ 𝑟𝑓𝑠𝑡(𝐼), 𝑟𝑠 ≈ 𝑟𝑠′ 
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Rule R.3 

For each reference set in I’ having as type a reused semi-association that is marked as subjec-

tive or temporal in T, but is not marked as subjective or temporal in T’, reinterpret it as a ref-

erence set in I having the default aspect qualifier. 

∀𝑟𝑠′ ∈ 𝑟𝑓𝑠𝑡(𝐼′), ¬𝑒𝑥𝑡(𝑡𝑦𝑝𝑒(𝑟𝑠′)), ¬𝑚𝑘𝑑(𝑡𝑦𝑝𝑒(𝑟𝑠′)) ∧ 𝑚𝑘𝑑 (𝑏𝑎𝑠𝑒(𝑡𝑦𝑝𝑒(𝑟𝑠′))) ⟹ 

∃𝑟𝑠 ∈ 𝑟𝑓𝑠𝑡(𝐼), 𝑟𝑠 ≈ 𝑟𝑠′ ∧ 𝑑𝑒𝑓𝑎𝑢𝑙𝑡(𝑚𝑎𝑟𝑘(𝑟𝑠)) 

Rule R.4 

For each reference set in I’ having as type a reused semi-association that is not marked as 

subjective or temporal in T, but is marked as subjective or temporal in T’, reinterpret it as a 

reference set in I corresponding to the reference set in I’ with the qualifier that is equal or 

closest to the default. 

∀𝑟𝑠′ ∈ 𝑟𝑓𝑠𝑡(𝐼′), ¬𝑒𝑥𝑡(𝑡𝑦𝑝𝑒(𝑟𝑠′)), 𝑚𝑘𝑑(𝑡𝑦𝑝𝑒(𝑟𝑠′)) ∧ ¬𝑚𝑘𝑑 (𝑏𝑎𝑠𝑒(𝑡𝑦𝑝𝑒(𝑟𝑠′))) ⟹ 

∃𝑟𝑠 ∈ 𝑟𝑓𝑠𝑡(𝐼), 𝑟𝑠 ≈ 𝑟𝑠′ ∧ 𝑚𝑑𝑖𝑠𝑡(𝑚𝑎𝑟𝑘(𝑟𝑠), 𝑑𝑞𝑢𝑎𝑙)  

Rule R.5 

For each reference set in I’ having as type a reused semi-association whose opposite class 

(let’s call it c’) in T’ is a strict ancestor of its opposite class in T, take each reference in the set 

where the opposite object has as type a class other than c’ in T, and reinterpret it as non-

existing in I if minimum cardinality allows it, or as a reference to unknown otherwise. 

∀𝑟𝑠′ ∈ 𝑟𝑓𝑠𝑡(𝐼′), ¬𝑒𝑥𝑡(𝑡𝑦𝑝𝑒(𝑣𝑠′)), 𝑜𝑝𝑝(𝑡𝑦𝑝𝑒(𝑣𝑠′)), 

𝑎𝑛𝑐 (𝑜𝑝𝑝(𝑡𝑦𝑝𝑒(𝑣𝑠′)), 𝑏𝑎𝑠𝑒 (𝑜𝑝𝑝(𝑡𝑦𝑝𝑒(𝑣𝑠′)))) ⟹ 

∀𝑟′ ∈ 𝑟𝑓(𝑟𝑠′), 𝑡𝑦𝑝𝑒(𝑜𝑝𝑝(𝑟′)) ≠ 𝑏𝑎𝑠𝑒 (𝑜𝑝𝑝(𝑡𝑦𝑝𝑒(𝑣𝑠′))), 

{
𝑚𝑖𝑛𝑐(𝑠𝑎′) = 0 → ∄𝑟 ∈ 𝑟𝑓(𝑏𝑎𝑠𝑒(𝑟𝑠′)), 𝑟 ≈ 𝑟′

𝑚𝑖𝑛𝑐(𝑠𝑎′) > 0 → ∀𝑟 ∈ 𝑟𝑓(𝑏𝑎𝑠𝑒(𝑟𝑠′)), 𝑢𝑛𝑘𝑛𝑜𝑤𝑛(𝑟)
 

4 Validation 

As a preliminary validation of the suggested approach, we implemented some of the 

rules and applied them to a test model. To do this, a type model (T) was extended (T’) 

and then instantiated (I’) by a human modeller. Then, the implemented rules were 

programmatically applied in order to obtain a reinterpreted model (I). 

For the implementation we used the Bundt ModellingEngine library [6], which is 

based on the ConML 1.5 metamodel [9] and allows users to create, manipulate and 

process type and instance models. We created a short C# program that makes the 

necessary calls to the Bundt library to create the three models (T, T’ and I’), and then 

added the necessary code to implement three selected reinterpretation rules: O.1, 

which handles class specialisation, O.4, which deals with attribute removal, and V.1, 

which performs an abstraction process over extended hierarchical enumerated types. 

These rules constitute a good example of the transformations that must be contem-

plated during reinterpretation: coping with added type model elements for which in-

stances must be dynamically provided, and abstracting selected pieces of information 

in a context-dependent and controlled manner. 
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Code was written to programmatically create models T and T’ as in Fig. 3. As 

shown in the figure, T’ has suffered three changes during extension: the Name attrib-

ute has been deleted from Person, an enumerated item ForRent has been added to the 

ResidenceType enumerated type under Secondary, and TerraceHouse has been added 

as a subtype of House. In other words, T’ is an extension which does not care about 

people’s names but needs extra detail about houses and residence types. 

 

Fig. 3. Models T and T’ used during validation. 

Once T and T’ were in place, code was added so that an instance model I’ was pro-

grammatically generated, according to Fig. 4. 

 

Fig. 4. Model I’ used for validation, which conforms to T’. 

Once the three models were in place, code was written to implement rules O.1, O.4 

and V.1. This code works by iterating the objects in I’ and creating the necessary 

reinterpreted objects into I. During this process, the conditions for the three rules are 

checked and, if met, the necessary reinterpretation actions are carried out. Full source 

code can be found on https://rb.gy/pkim23. 

Once the rule application code was ready, models T, T’ and I’ were processed and 

displayed on screen as structured text (Fig. 5). Here, the I’ model is displayed at the 

top, labelled as “Name: Ip”, and I is shown below. Note that, in model I, the object th 

has been reinterpreted as an instance of House rather than TerraceHouse, as this class 

is absent from T, as a consequence of rule O.1. Also, a value has been added for the 

Person.Name attribute, which did not exist in T’ but does in T, as a consequence of 

rule O.4. The value is set to unknown as the cardinality of the Name attribute (which 

is strictly 1) does not allow for null. Finally, the original value of Secondary\ForRent 

of the House.ResidenceType attribute in I has been reinterpreted as simply Secondary 

as a consequence of rule V.1, as this is the most immediate ancestor of the extended 

Secondary\ForRent enumerated item that exists in T. The achieved results match the 

expected according to the implemented rules as specified in previous sections. The 

implementation of other rules in this manner would follow a similar approach. 

Person

Name: 1 Text

House

Address: 1 Text

ResidenceType: 1 enum ResidenceType

Extension

T Person

House

Address: 1 Text

ResidenceType: 1 enum ResidenceType

T 

ResidenceType:
Main
Secondary

OnlyHolidays

ResidenceType:
Main
Secondary

OnlyHolidays
ForRent

TerraceHouse

jane: Person
th: TerraceHouse

Address =     Walker Street 

ResidenceType = Secondary/ForRent

I 

https://rb.gy/pkim23
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Fig. 5. Output of the validation program. 

5 Discussion and Conclusions 

An important issue that we have not addressed in the previous sections is that of rule 

prioritisation and sequencing. Whether the rules must be applied in any particular 

order, or whether the order of application affects the results, is still a pending issue to 

be investigated. 

Some additional comments must be made on the strengths and weaknesses of the 

proposed approach. As a weakness, we are aware that large datasets may require sig-

nificant processing time to be reinterpreted on the fly, which may limit the range of 

scenarios to which our approach can be applied. However, workarounds may be easy 

to find, such as the possibility to pre-compute I models for every significant version 

of T’. An additional weakness is that some reinterpretation rules are too complex as to 

be fully expressed in first order logic. Although this constitutes an issue in terms of 

rule specification, it is easily solved when the rules are implemented in software using 

a conventional programming language. 

In summary, we have presented in this paper an approach to model extension that 

simulates Liskov compatibility by dynamically reinterpreting an instance model so 

that it conforms to a base type model. The major strengths of this approach are two. 

First, it imposes no special limitations on what kinds of changes may be made to a 

model during extension, thus providing a maximum degree of flexibility. Second, the 

approach is described in terms of formally defined reinterpretation rules that operate 

on relatively abstract conceptual modelling constructs (such as classes, attributes, 

objects and values). This means that the approach should be applicable to modelling 

languages other than ConML such as UML. We have also validated three selected 

rules using a custom-built modelling engine library that implements the ConML met-

amodel, finding that it is easy to write code that implements the necessary checks and 

operations. The implementation of additional rules should require similar effort. 

Finally, and as future work, we are aiming to devise a mechanism to measure the 

degree of information preservation between models. Each instance model would be 

decomposed into “statements” (one for each existence, classification or predication), 

so that counting how many statements are kept after reinterpretation is possible. This 

would yield a quantitative measure of how much a reinterpreted model deviates from 

its base or, in other words, how much information has been lost during the reinterpre-
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tation process. This would allow organisations to make informed decisions on wheth-

er reinterpreted models are suitable for certain tasks, depending on the measured 

amount of lost information. 
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